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Introduction
Malting barley is a raw material which has to meet specific and complex requirements concerning its quality. It is tested both for its chemical and biological properties. Currently, more and more attention is being paid to the relationship between the microstructure of grains and their significance in building malt quality (PALMER 1992) . The structural features of barley endosperm are commonly determined by the degree of mealness or steelness (CHANDRA et al. 1999 , BROADBENT, PALMER 2001 , KOLIATSON, PALMER 2003 . The structural differences depend mainly from the concentration of proteins and β glucans in endosperm. In grain in which vitreous areas dominate, the concentration of protein in endosperm increases, whereas in grain with mealy endosperm, protein is located much more in the germ and aleuronic layer. EDNEY et al. (1998) claim however, that a high content of β glucans in barley does not determine its high content in beer. The content of β glucans in malt or in congress wort is a much better determinant. Therefore, the strains with high β-glucan content in grain should not be discarded in breeding research. The structure of endosperm is not constant and is affected by the content of protein, starch and β-glucans; it primarily affects the water translocation during the process of soaking and enzyme activity (PETR et al. 2000 , ALTUNKAYA et al. 2001 . MAC GREGOR (1996) claims that the methods of molecular biology and biotechnology may be useful in improving the quality of grain in term of malt-enzymes activity and content of their substrates. The structure of endosperm and creating abnormal grain is also largely and adversely affected by climatic conditions during the grain ripening period. This phenomenon may limit the use of varieties of malting barley in malting. Numerous abnormal grain features can be eliminated in early--ripening varieties (BAUMER et al. 1998) . The complexity of relationships in the high quality malt production process requires a constant checking of the raw material quality. Steelness or mealness of endosperm corresponds to its specific colour. Determining the colour of endosperm in a cross-wise or longitudinal section is made possible, e.g. by a digital image analysis (GUDACZEWSKI, FORNAL 1998 , UTKU, KOKSEL 1998 , MAJUMDAR, JAYAS 2001 , KOLIATSON, PALMER 2003 , KOZIROK, FORNAL 2004 . The characteristic features of endosperm structure and its relationship with malting quality of a variety are not widely investigated issues. It is also suggested that the hardness of endosperm or its mealiness can be used in predicting the malt quality and in characterising barley endosperm for a particular variety (GARCIA MORAL DEL et al. 1998 , CHANDRA et al. 1999 .
The object of investigation was to verify the hypothesis that the colour of endosperm of longitudinal section of malting barley grain may be a variety-dependent feature. Does the similarity of hordeins and varieties determine the possibility to distinguish the varieties based on the colour of endosperm, i.e. in varieties similar in terms of hordeins the colour of endosperm is similar, which makes them impossible to distinguish, and, conversely, distant varieties have endosperm of different colour?
Materials and Methods
The investigated materials were the grains of dominating by size fraction of 13 varieties malting barley, different in terms of the value of the malting quality factor Q ( W i = weight factor of a parameter
Estimation of colour
The colour of endosperm longitudinal sections was determined with a system of image analysis, consisting of a CCD Panasonic GP-KR222E camera, 1044 dpi. The light source was BOB OM 100x1 (BOB Manufacture, Poland) with 2x100 W (60 kLx) optic fiber lamps (OSRAM), a computer with a VFG card for image analysis and LUCIA G ver. 4.6 (Laboratory Universal Computer Image Analysis) software package delivery by Laboratory Imaging Ltd. The brightness for each component RGB (Red -Green -Blue) and colour intensity, (R+G+B)/3, were determined in the scale from 0 to 255 numbers of brightness, formulate as grey levels for R, G, B components. The analyses were conducted on 100 kernels of each variety. The results of endosperm colour analysis were presented in the form of histograms showing average value of grey levels versus its frequency of occurrence. The schedule of the analytical procedure is presented in Figure 1 , and the example of images in Figure 2 .
The experimental results were analysed statistically using STATISTICA 6.0 software. The calculations were performed at the significance level of p = 0.05. 
Electrophoretic analysis of hordeins
Hordeins were extracted from single grains (50 for each variety) with 150 μl of a solution of urea with 1% of 2-mercaptoethanol. The extraction was performed overnight, at room temperature; in the morning 50 μl of increasing density solution was added to the test tubes. The supernatant was centrifuged at 18.000 × g for 5 min.
The separation was done in a Hoeffer SE 600 apparatus, using socalled 'discontinuous' electrophoresis in 7% polyacrylamide gel, pH 3.1. The process of electrophoresis of wheat gliadins (BRZEZIŃSKI et al. 1989) was slightly modified by replacing the water component in both gels with 4.44 M urea solution.
The anode (+) buffer consisted of 0.02M solution of HCOOH and 0.0005M K 2 SO 4 . The cathode (+) buffer was a 0.8 M solution of HCOOH. 8-12 μl of a protein solution applied on gels. The separation was conducted simultaneously in four gels (180 mm x 160 mm x 1.5 mm) 15 min. at 100 V, and subsequently at a voltage over 300 V until the methyl green had reached the apparatus edge. The gels were fixed and stained with 0.0002% (w/v) solution of Coomassie Brillant Blue (CBB) G 250. The composition of the CBB solution: 60 g TCA, 200 cm 3 99.8% methanol, 70 cm 3 glacial acetic acid and 800 cm 3 water. The gels were destained in 0.5% detergent solution, rinsed in water and scanned in an Agfa Snapscan 1236 apparatus.
The analysis of the similarity of varieties
The spectra of 13 varieties were analysed in 16 spectral lanes "paths"; 13 of them representing the electrophoregram of hordeins of one grain of each variety and additionally for the Rodos, Polo and Sezam varieties, the second lane (path) for the spectrum of hordeins of the second grain (Figure 3 ). The analysis of polymorphism was conducted. Additionally, the repeatability of the hordein image was evaluated (only for the varieties of Rodos, Polo and Sezam). The similarity of hordeins, in the form of similarity coefficients (GS), NEI and LI (1979) was determined with the use of the BIO-GENE ver. 99 computer program, developed by Vilber Lourmat. This was done for all possible combinations of pairs of varieties; a similarity matrix for those varieties was also generated. A dendrogram was created based on the similarity matrix (GS x 100) by UPGMA algorithm. 
Results and Discussion

Colour characteristics of the endosperm of longitudinal sections
The brightness formulate as the frequency of occurrence of the average values of grey levels corresponding to the red (R), green (G) and blue (B) colour showed both the similarities and differences amongst varieties ( Table 2 ). The most frequent occurrence of grey levels from 161 to 200 corresponded to the intensity of red colour (Table 2) . Amongst the investigated varieties, lower grey levels dominated in the endosperm colour of Granal and Rasbet varieties, and the higher levels -in Barke, Polo, Scarlett, Orlik, Rodos, Atol and Poldek varieties. The highest grey levels occurred in Stratus, Brenda, Sezam and Maresi varieties (Table 2 ).
In the case of green colour, the grey levels from 141 to 190 dominated ( Table 2 ). The lowest grey levels were observed for the endosperm colour of Granal, Rasbet, Rodos and Poldek varieties. Higher grey levels which corresponded to green colour were characteristic of the Polo, Stratus, Rodos, Atol, Brenda, Barke, Sezam, Scarlett, Orlik and Brenda varieties. The highest grey levels -181-190 -was noted for the Maresi variety. -100  12  68  18  48  49  34  1  7  7  0  9  22 14   101-110  42  15  49  31  30  38  18  37  41  2  32 35 45   111-120  38  1  30  6  2  22  58  39  43  21  47 33 36   121-130  8  0  1  2  0  2  23  15  9  53  10  3 In terms of the intensity of blue colour, very low and low grey levels from 91 to 130 dominated (Table 2) . Very low grey levels occurred the most frequently for the Granal, Rasbet and Poldek varieties.
The analysis of the endosperm colour intensity, (R+G+B)/3, for the investigated varieties indicated the dominating occurrence of the grey levels from 131 to 160 (Table 3 ). The colour of the endosperm of the Maresi variety is an exception, as it is dominated by the grey levels from 161 to 180. Exemplary histograms of varieties pairs with diversified colour For the other varieties, the histograms of the endosperm colour intensity were poorly diversified. The intensity of the endosperm colour does not distinguish such varieties as Scarlett, Brenda or Sezam (Figure 4 ). The analysis of statistical significance differences of intensity for red, green and blue colours showed that only the Maresi variety is significantly different from the other varieties in terms of each of the investigated components of the endosperm colour (R, G, B and (R+G+B)/3), the Sezam variety -in terms of R, G and (R+G+B)/3 parameters, the Rodos variety -in terms of G and (R+G+B)/3 parameters, and the Granal variety -only in terms of B parameter (Table 4 ). In the case of the other varieties, there is no differentiating specific component of the endosperm colour (R, G, B or (R+G+B)/3). However, in this group there are distinguishable varieties, statistically different in terms of one (or more) parameters, e.g. Brenda and Rasbet, Rasbet and Stratus, Rodos and Barke are different -for all the parameters, Orlik and Atol -in terms of G, B and (R+G+B)/3, and Granal and Poldek -in terms of the B parameter (Table 4) . hordeins C. Electrophoretic images of hordeins enabled the distinguishing of all the investigated varieties. The Brenda and Poldek varieties proved the most similar in terms of hordeins, with a similarity of 97%, followed by the Granal variety in relation to Poldek and Brenda (92% each). For most varieties, the degree of similarity was approximately 60-80% (Table 5) . The most genetically distant varieties are Sezam and Maresi (Figure 3 ).
The similarity of hordeins and the similarity of endosperm colour
The degree of similarity of varieties (based on hordein feature) is not always associated with the significance of endosperm colour differences. The Brenda and Poldek varieties, for which the electrophoregrams are virtually undistinguishable, are significantly different in terms of the endosperm colour. Conversely, such varieties as Brenda and Stratus, Atol and Polo, Orlik and Scarlett, are easily distinguishable with hordein electrophoresis, whereas the colour of their endosperm is identical (Figure 3 , Table 4 ).
However, it is highly characteristic that the varieties which are the most different in terms of the hordein image -Maresi and Sezam -are also among those statistically different from all the other varieties in terms of the endosperm colour (Maresi is totally different for all the parameters R, G, B, (R+G+B)/3, Sezam -for three of them, Table 4 ). The endosperm colour for these varieties may be considered a specific "marker" for a given variety, like a hordein image.
It is advisable that an investigation should be conducted with the material of those three varieties, collected in different agrotechnical and climatic conditions, and subsequently for a larger number of varieties. If the endosperm colour for the grain of Maresi, Sezam and Granal varieties was a persistent feature, it would be possible to use its measurement for routine evaluation of grain in the malting industry -for verifying variety identity, genetic purity and even for identification of varieties.
The research conducted by DRZEWIECKI et al. (2000) showed that the geometric features of grain (length, width) are differentiating factors for three out of the seven varieties. No connection was found between the degree of similarity of hordeins and the identification of varieties based on the geometric features of grains. Research into endosperm colour reveals that for varieties which are genetically distant, it may be possible to distinguish them based on other features, in this case -endosperm colour. It may be an argument for a greater use of this feature in malting. It may be easier to select varieties and reduce the number of samples for image analysis, which is not insignificant from a technical and economic point of view.
The results of the current research justify the claim that the sensitivity of image analysis of endosperm colour is sufficient to classify varieties into groups of genotypes of non-specific (non-distinguishing) and specific (distinguishing) endosperm colour. It may be assumed that investigation with a larger number of genotypes would confirm the specificity of endosperm colour for only some forms.
Conclusions
The endosperm colour in the Maresi variety can be a specific, statistically significantly different feature for each of the four analysed colour components (R, G, B and (R+G+B)/3). The endosperm colour in the Sezam, Rodos and Granal varieties is not specific for all the colour components; however, it can be used as a variety characteristic in terms of at least one colour component. The endosperm colour in the Brenda, Rasbet, Stratus, Poldek, Scarlett, Barke, Orlik, Atol and Polo varieties is not a specific variety feature. The method used to measure the endosperm colour enables the variety identity verification of barley grain to a limited extent -some varieties may be distinguished from each other. The varieties for which the hordein image differs most -Maresi, Sezam and Granal -also differ most in terms of the endosperm colour. A larger genetic distance between varieties can enable distinguishing some varieties by measuring the endosperm colour. Similarity in endosperm colour between varieties is not always associated with similarity of hordeins. It is advisable that more research should be conducted with other varieties in order to confirm the specificity of endosperm colour of the Maresi, Sezam and Granal varieties. 
